(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office uropeen des brevets 




1 



(12) 



(n) EP1 136116 A1 

EUROPEAN PATENT APPLICATION 



(43) Dat of publication: 

26.09.2001 Bulletin 2001/39 

(21) Application number 00117023.2 

(22) Date of filing: 08.08.2000 



(51) intci 7: B01D 69/12, B01D 71/56, 
B01D 67/00 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV M K RO SI 

( ^T Priority: 23.03.2000 JP 2000081317 

(71) Applicant: NFTTO DENKO CORPORATION 
Ibaraki-shl, Osaka 567-8680 (JP) 



(54) 



(72) Inventor Hirose, Masahiko, 

Ibaraki-shl, Osaka 567-8680 (JP) 

(74) Representative: 

Blumbach, Kramer & Partner GbR 
Radeckestrasse 43 
81245 Munchen (DE) ( 



Composite reverse osmosis membrane and method for producing the same 



(57) A polyamide skin layer is formed on a porous 
support by reacting an aromatic compound having at 
least two reactive amino groups with a polyf unctional ac- 
id halide compound having at least two reactive acid hal- 
ide groups. Then, the polyamide skin layer is treated 



with a free chlorine aqueous solution containing bro- 
mine compound. The resultant composite reverse os- 
mosis membrane has a high rejection for substances 
that are not ionized at the pH range where the mem- 
brane is normally used. 
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EP1 136 116 A1 

Description 

[0001] The present invention relates to a composite reverse osmosis membrane for selectively s parating compo- 
n nts in a liquid mixture and a m thod for producing the sam . More specifically, the pres nt invention r iates to a 
composrt r v rs osmosis membrane having a high rejection prop rty provided by a polyamide-based skin layer 
(referredtoalsoasanactiv layer or a thin layer) on a porous support and, and am thod for producing such a composite 
reverse osmosis membrane. 

[0002] Conventionally, a composite reverse osmosis membrane where a skin layer (active layer or a thin layer) for 
selective separation is formed on a porous support is known as a reverse osmosis membrane having a structure 
different than that of an asymmetric reverse osmosis membrane. One such example is a composite reverse osmosis 
membrane having a polyamide skin layer formed by interfacial polymerization between polyf unctional aromatic amine 
and polyfunctional aromatic acid halide on a porous support {e.g., JP 55-147106 A, JP 62-121603 A JP 63-218208 A 
and JP 2-187135 A). 

[0003] Some of the conventional composite reverse osmosis membranes have excellent desalination performance 
water permeability performance and ionic substance-separation performance. However, the conventional composite 
reverse osmosis membranes do not have sufficient rejections for non electrolyte organic compounds such as isopropyl 
alcohol (IPA). Furthermore, the conventional composite reverse osmosis membranes do not have sufficient rejections 
for substances that are not dissociated at the pH range where they are normally used (e.g., boron). IPA is a substance 
that is widely used in the semiconductor industry and the like, and boron is a problematic substance in the conversion 
of seawater to freshwater. Therefore, development of a composite reverse osmosis membrane capable of separating 
these substances at high rejections is desirable. 

[0004] Embodiments of the present invention provide a composite reverse osmosis membrane that has excellent 
desalination performance, water permeability performance and ionic substance-separation performance and is capable 
of separating nonelectrolyte organic compounds and nondissociative substances at the pH range where these com- 
posite reverse osmosis membranes are normally used (hereinafter, referred to also as -general pH range nondissoci- 
ative substances") at a high rejection, and a method for producing the membrane. 

[0005] In one aspect, the present invention relates to a composite reverse osmosis membrane including a porous 
support and a polyamide skin layer formed on the porous support, wherein the polyamide skin layer is formed by 
reacting an aromatic compound having at least two reactive amino groups with a polyfunctional acid halide compound 
having at least two reactive acid halide groups, and the polyamide skin layer contains bromine. 
[0006] Such a composite reverse osmosis membrane of the present invention has excellent desalination perform- 
ance, water permeability performance and ionic substance-separation performance and is capable of separating none- 
lectrolyte organic compounds such as IPA and general pH range nondissociative substances such as boron with hiqh 
rejections. M 

[0007] In some embodiments of the composite reverse osmosis membrane of the present invention bromine con- 
tained in the polyamide skin layer may be present in the form of bromine atoms or ions. The polyamide skin layer 
contains bromine, but can also contain other substances. However, when the polyamide skin layer has only chlorine 
the rejection of nonelectrolyte organic compounds and general pH range nondissociative substances is not sufficient!^ 
improved. In one embodiment of the composite reverse osmosis membrane of the present invention, it is preferable 
that the aromatic compound portion of the polyamide skin layer has bromine. For example, the bromine atom substitutes 
for a hydrogen atom so as to be bound to a carbon atom of the aromatic ring of the aromatic compound. 
[0008] In some embodiments of the composite reverse osmosis membrane of the present invention it is preferable 
that the ratio (Br/N) of the number of the bromine atoms (Br) to the nitrogen atoms (N) is not less than 0 1 and not 
more than 1 .0. When this ratio is 0.1 or more, the nonelectrolyte organic compounds and the general pH range non- 
dissociative substances can be separated at a higher rejection. When the ratio is 1 .0 or less, the nonelectrolyte organic 
compounds and the general pH range nondissociative substances can be separated at a higher rejection while the 
flux is not too low and the operational pressure is not too high, leading to economical advantages. A more preferable 
range of the ratio is not less than 0.15 and not more than 0.7, and a most preferable range is not less than 0 2 and not 
more than 0.5. In the specification, -flux" refers to a volume (nr*) of solution that permeates the membrane a day per 
nrK of the area of one surface of the membrane. "Rejection" is expressed by Equation (1) below: 



Rejection (%) = (1 - (the concentration of the permeate solution / 
55 the average concentration of the feed solution )) x 1 oo (1) 

[0009] In some mbodimentsofth composit rev rs osmosis membrane of the pres ntinv ntion,th IPAr jection 
at a t mp ratur of 25 °C, a pH of 6.5, and an op rational pressure of 1 .5MPa is at least 98.5%, wh n a 0.3wt% IPA 
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aqu ous solution is used as th feed solution. Wh n th IPA rejection is at I ast 98,5%, th I PA concentration in the 
permeate wat r can be sufficiently reduced. 

[001 OJ In some embodiments of th composite reverse osmosis membrane of th pres nt invention, the salt rejection 
at a temp rature of 25 °C, a pH of 6.5 and a flux f 0.6m3/m2»day is at least 99%, wh n a 3. 5wt% salt water containing 
5ppm of boron is us d as th f e d solution, and th boron rejection is at least 85% und r thos conditions. Bromine 
is pres ntatabout4t 5mg/linth s awat ring n ral, when the conversion from seawater to freshwater is performed 
by using a reverse osmosis membrane, a recovery ratio (the amount of the permeate water/the amount of the feed 
water) of 40% is obtained. When the boron rejection is 85% or more in operation at a recovery ratio of 40%, the 
concentration of boron in the permeate water is 0.7 to 0.9mg/l when the concentration of boron in the feed seawater 
is 4 to 5mg/l. This can be further reduced to a sufficiently low level for drinking water. More preferably, the boron rejection 
is 88% or more (further more preferably 90% or more). In this case, the concentration of boron in the permeate water 
is 0.6 to 0.7mg/l. This embodiment can maintain a sufficiently low concentration of boron for drinking water, even if the 
performance is degraded by aging of the membrane and so on. 

[0011] In another aspect, the invention relates to a method for producing a composite reverse osmosis membrane 
including forming a polyamide skin layer on a porous support by reacting an aromatic compound having at least two 
reactive amino groups with a poryf unctional acid halide compound having at least two reactive acid halide groups, and 
treating the polyamide skin layer with a free chlorine aqueous solution containing bromine compound. 
[0012] In some embodiments, the concentration of free chlorine in the free chlorine aqueous solution is 1 to 100mp/ 
I. When it is 1 mg/I or more, the rejection of the resultant membrane for the non electrolyte organic compounds and the 
general pH range nondissociative substances is further improved. When it is 100mg/I or less, the flux of the resultant 
membrane is acceptable. It is more preferable that the concentration of free chlorine is in the range from 5 to 50mg/l. 
[0013] It is preferable that the concentration of bromine in the free chlorine aqueous solution is in the range from 0.5 
to 1 0Omg/l. When it is 0.5mg/l or more, the rejection is further improved. When it is 1 QOmg/l or less, the flux is prevented 
from being reduced. It is more preferable that the concentration of bromine is in the range from 1 to 50mg/l. 
[001 4] The free chlorine aqueous solution containing bromine compound can be prepared by, for example, dissolving 
a bromine compound and free chlorine in water. The bromine compound is not limited in any specific compound, as 
long as it can dissolve in water. Examples of the bromine compound include sodium bromide, potassium bromide, 
calcium bromide, magnesium bromide, ammonium bromide, lithium bromide, cadmium bromide, germanium bromide! 
cobalt bromide, strontium bromide, cesium bromide, tungsten bromide, iron bromide, tellurium bromide, copper bro- 
mide, barium bromide, manganese bromide, hydrogen bromide or the like. Among these, a bromine compound of an 
alkali metal or a bromine compound of an alkaline earth metal is preferable, and a bromine compound of an alkali metal 
is more preferable. 

[0015] The pH of the free chlorine aqueous solution is, for example, in the range from about 4 to 11 . It is preferable 
that the pH is 4 or more, because free chlorine is prevented from becoming less soluble. It is preferable that the pH is 
11 or less, because bromine can be added to the polyamide skin layer more effectively. The pH is preferably in the 
range from 4 to 6.8, and is most preferably from 5 to 6.5. 

[0016] Such afree chlorine aqueous solution containing bromine compound can be prepared, for example, by adding 
free chlorine to water that already contains bromine, such as seawater or well water and, if necessary, adjusting the 
pH to the desired range. 

[0017] In the method for producing a composite reverse osmosis membrane of the present invention, the technique 
for the treatment process is not specifically limited. For example, it can be performed by immersing the polyamide skin 
layer in the free chlorine aqueous solution containing bromine compound, applying the free chlorine aqueous solution 
containing bromine compound to the polyamide skin layer, or the like. In addition, it is preferable that the treatment is 
performed under pressure because of its processing efficiency. For example, the treatment can be performed by pass- 
ing the free chlorine aqueous solution containing bromine compound through the polyamide skin layer on porous sup- 
port under pressure. 

[0018] In the method of the present invention, it is preferable that a reduction in the flux of the composite reverse 
osmosis membrane by this treatment is at least 10% based on the flux before the treatment. The reduction of the flux 
is preferably not less than 20% and not more than 80%, and most preferably not less than 25% and not more than 
70%. When the reduction of the flux is, for example, 90% or less, there is no concern that the operational pressure of 
the composite reverse osmosis membrane becomes too high. This is economically advantageous. 
[0019] As described above, the composite reverse osmosis membrane of the present invention has excellent desal- 
ination performance, water permeability performance and ionic substance-separation performance, and can separate 
nonelectrolyte organic compounds and substances that are not dissociated at the pH range where the composite 
reverse osmosis membrane is normally us d at a high rejection. This composite reverse osmosis membrane is suitable 
for production of ultrapure water, desalination of seawater or brackish water, or the like. Moreover, the composite 
reverse osmosis membrane of the present invention can be used to remove or recover contaminants or effective sub- 
stances contain d in industrial wast water such as dy d wast water or lectroplating wast wat r, which causes 
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toTelTo J^rr \ I r^T 8 * 6 ™ ^ osmosismembraneofthepre^ntinv ntion can contribut 
J P T ter ^ bei " 9 dischar 9 ed - Mor over, in the field of food industry and so on th 

iriTT^ mto0,ttepreSenlinventioncanb usedforconcentradonofeffecX componenVs 
watertreatmentsuchasremovaloftoxiccomponents ftapwat rorsewag water. In particular in the SEES 

^notoZofi, 1 rem ° Ve ,H nta,n6d 3 ' ^ S ° IU,ten 31 3 h * h re ^ lfo "- 
bo^T2t^!T t P to remov total dissolved solids (TDS) in the seawater, but also it is possible to remove 
boron, whet, is hard to remove because it is not ionized at the general pH range, at a hiqh rejection so that drinWnn 
water can be produced with one step of reverse osmosis membrane treatment 9 
[0020] These and other advantages of the present invention will become apparent to those skilled in the art unon 
reading and understanding the following detailed description. P 
[0021] A composite reverse osmosis membrane of the present invention is produced, for example bv reactino an 

^SSSSSiT 9 at ,e fr reactive amino groups wrth a po * uncti ° na ' a ^ 

«1 n fh 9 P S ° 33 10 l0m 3 P0lyamide skin ia * er on a P° rous su PP°rt and treating the polyamide skin 

layer on the porous support with a free chlorine aqueous so.utfon containing bromine compound to tESSj? 
bromine is used to denote bromine atom or ion instead of bromine molecule appi.cat.on, 

ElnlS^^ ThT* haVi " 9 31 ' eaSt ^ rcaCtiVe amino 9™** Rafter, ^ferred to also as "polyfunc- 
SSrT k 3 SPeC,fiC COrnP ° Und ' 3nd Mn b6 ' f0r exam P' e - '"-Pnenylene diamine, p-pEenylene 

diamine 1 ,3,5-tnammobenzene, 1 ,2,4-triaminobenzene, 3,5-diaminobenzoic acid 2,4 diaminotoluene 2 4 Si 
noanso.e. amidol, xylene diamine, or the like. Preferably, m-phenylene diamine p-phen^ene d Se ££S 
SSTr T Am0 " 9 ^ m -P henv,ene dia ™'n* ortriaminobenzene are Le pSerS ' 

eTiL t^HH h t e «° r aft6r reaC,,0n " ith 1,16 P-Wun^al acid halide compound. However Z preT 

erab le to add a bromine atom after the reaction because of its reactivity with the polyfunctions! acid halide compound 
A chlonne atom may be added to the polyamide skin layer, but is not necessary compound. 

E m r„1 rth r th T a T at !: P°* functional be used in combination with aliphatic or alicyclic polyfunc- 

5 ™ZTn P ^ ° f '"f ' 3liphatiC PoWn*™* amines include ethylene diamine, propylene dS and tris 
(2-am noethyl) am.ne. Examples of such alicyclic polyfunctions amines include 1 .3-diamincXclohexLr 12 « 

I^TZT'^T' m r^°" eXane PiP6raZine ' Pipera2ine ' andV^inomX^'Je 2 d,am '" 

[0M5] The polyfunct,onal acd hahde (hereinafter, referred to also as "add halide") is not specifically limited and can 

™ZZ7£ £ : c ' aliphatfc ' or alicyc,b po,yfunctiona, acid ha,ides - Prefe ^» « PASS'S 

S 1 . Examp '!! °-^ e ar ° matiC Pactional aci °" Glides include trimesic acid chloride, terephthalic acid chloride 
225?,? h biph ! nyl dfcarb0XyliC 3Cid Chl0nde ' na P"tha.ene dicarboxylic acid dkJoride ^ Sne S 
IZtZ , ' n2ene d,SU,f ° niC 3Cid Ch, ° ride ' and chlor °suffonyl benzene dicarboxylic acid chloride Among 
these, monocyclic aromatic compounds are preferable. cmonoe. Among 

SJ? r EXar !l Pl M °L the a ' iPhatiC P 01 *""*™ 31 acid halves include propane tricarboxylic acid chloride butane tri- 

ca^oxylc acid chlonde, pentane tricarboxylic acid ch.oride, glutaiy. halide, and adipoyl halide 

[0028] Examples of the alicyclic polyfunction^ acid halides include cyclopropane tricarboxylic acid chloride rvrinh 

utanetetracarboxylicacidch.oride.cyclopentanetricarbo^ 

Sdr^^f 1 0 '' Ch,0ride ' ,e ^ drofura " tetracarboxylic ^chiSw^SSSES^ 
Z£ St&ST ^ ^ Ch,0rid6, CyC '° heXane diCart,0XyNC aCW Jl-n-^^oiSSSS 
[0029] The porous support is not limited to a specific type, as long as it can support the polyamide skin laver For 

n^'h , ' 8 1*™* SUPPOrtin9 membfane made of P^sulfone or polyarylethersulfone is preferred be 

^ZfZZZTi TSTS ^ ^ Stabl,ity - ™ S POr ° US SUpP ° rt a thickness oSSTo 

P ? fera ^ ly 31)01,1 40 10 75 ^ m - but »e thickness is not necessarily limited thereto. 

2SL f I?" I P0lya T ide Skin ,ayer based on cross-linked polyamide is formed on a porous support by interfacial 
polymenzation between the potyf unctional amine component and the acid halide component For exalte TSZl 
c^taimngmepoly^^^ 

conteining the acid halide component is applied onto the first layer to fZ a second layer 

[0031] The solution containing the polyfunction^ amine further can contain a small amount of polymer such as ool- 

K^^-T^; P °^ 3Cid " ^ " P °^ hydriC alCOh01 SUch 88 «* th 
os^osfe^embiBne. PrD ° f " l ° ^ the Perf0rmance ° f tne « «^««- -verse 
[0032] Furthermore, a compound having a solubility param t r (d scribed in JP8-224452A) of 8 to 14 (calfcm3)ie 
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canb added to th solution containing th polyfunctions! amin component or th solution containing th acidhalid 
component or both, forth purpose of incr asing the flux. Th solubility paramet rr f rs to an amount defined by (AH/ 
V) * (cal/cm3)i/2, where the molar vaporatrve heat of a liquid is AH cat / mol, and the molar volume is V cm3/mol 
Examples of a substance having such a solubility paramet rinclud alcoh Is, th rs, k tones, sters, halogenat d 
hydrocarbons, and sulfur-containing compounds, and specific xamples th reof are described in JP 8-224452A 
[0033] The amine sattdescrib din JP2-187135A,for xample a salt of tetraalkyl ammonium halide ortrialkyl amine 
and an organc acid can also be added to the solution containing polyfunctional amine or the solution containinq an 
acid hahde component or both, because such salt facilitates production of the membrane, improves the absorptivity of 
the amine solution to the support, and accelerates the condensation reaction. 

[0034] The solution containing polyfunctions amine or the solution containing an acid halide component or both can 
contam a surfactant such as sodium dodecyl benzene sulfonate, sodium dodecyl sulfate, sodium lauryl sulfate or the 
like. These surfactants have the effect of improving the wettability and facilitate the absorption of the solution containinq 
polyf unctional amine to the porous support. 

[0035] In order to accelerate the polycondensation reaction at the interface, it is useful to add sodium hydroxide or 
tnbasic sodium phosphate, which can remove hydrogen halide produced in the interfacial reaction, to the solution 
containing polyfunctional amine or the solution containing an acid halide component or both, or to use an acylation 
catalyst or the like as a catalyst. 

[0036] The concentrations of the acid halide and the polyfunctional amine in the solution containing acid halide and 
the solution conta.n.ng polyfunctional amine are not specifically limited. The concentration of the acid halide general* 
is 0 01 to 5wt%, preferably 0.05 to 1 wt%, and the concentration of the polyfunctional amine generally is 0.1 to 10wr% 

preferably 0.5 to 5wt%. 1 

I0 °f2 m ? nner ' 0,6 P ° r0US SUpp0rt is 00316(1 witn the solution confining polyfunctional amine, and then it is 

coated with the solution containing a polyfunctional acid halide compound. Thereafter, extra solution is removed then 
ft is heated for drying generally at about 20 to 150»C, preferably at about 70 to 130"C for about 1 to 10 minutes 
preferably about 2 to 8 minutes, so as to form a thin water permeable membrane made of cross-linked polyamide The 
thickness of this thin membrane generally is about 0.05 to 2um, preferably about 0 1 0 to lum 
[0038] A laminate (a composite membrane) where the polyamide skin layer is formed on the porous support is then 
treated with a free chlorine aqueous solution containing bromine compound. As described above, it is preferable to 

30 rlZZ tn T atment under Dressure ™ s is in the range, for example, from 0.1 to 20MPa, preferably 0 2 

30 to 1 0MPa, and more preferably 0.5 to 6MPa. 

[0039] Thus the composite reverse osmosis membrane of the present invention is produced. It is confirmed for 
example, by electron spectroscopy analysis (ESCA) that the polyamide skin layer in the composite reverse osmosis 
membrane of the present invention contains bromine. 

35 Examples 



w 



15 



20 



25 



40 



45 



50 



55 



[0040] Next, the present invention will be described more specifically by way of examples and comparative examples. 
Example 1 

E2H aqU ?" S S0 ' Uti0n containin 9 m-Phenylene diamine (3wt%), sodium lauryl sulfate (0.25wt%), triethylamine 
2wt%)andcamphorsulfonic acid (4wt%) was applied to aporoussupport(polysurfone^asedurtrafiltration membrane) 
Thereafter, extra aqueous solution was removed so that a layer of the aqueous solution was formed on the support' 
Afterwards, an isooctane solution containing trimesic acid chloride (0.1 wt%) and isophthalic acid chloride (0 15wt%) 
was apphed onto this layer, and then was held in an oven at 120'C for 3 minutes so that a thin polymer membrane 
(polyamideskin layer) was formed on the porous support. Thus, acomposite membrane was obtained. In this composite 
membrane the average thickness of the porous support was 50um, and the average thickness of the polyamide skin 
layer was 0.2jun. In the meantime, free chlorine (20mg/l) and sodium bromide (10mg/l, the amount of bromine was 
TjJmg/l) were dissolved in pure water so as to prepare a free chlorine aqueous solution containing bromine compound 
(pH around 5.2). This solution was passed through the composite membrane at an operational pressure of 1 5MPa for 
30 minutes so that the intended composite reverse osmosis membrane was obtained. 

[0042] When the performance of this composite reverse osmosis membrane was evaluated at 25"C pH 6 5 and an 

°P 6r f' i0 ^P reMure °V- 5 o MPa - usi "9 a03wt % 'PAaqueoussolutionasthefeedsoliition,melPArejectionwas99 1% 
and the flux was O.SmS/n^day. The reduction in the flux for this membrane was 50%, when compared with that of 
ComparatweE^ osmosis membran wasanalyzed 

by ESCA for th constituent elements, the ratio (Br/N) of the bromine atoms (Br) to the nitrogen atoms (N) was 0 3 
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Comparatrv Example 1 



[0043] An aqueous solution containing m-phenylen diamine (3wt%), sodium lauryl sulfat (0.25wt%), triethylamine 
(2wt%) and camphorsulfonic acid (4wt%) was applied to a porous support (polysuffone-based ultrafiltration membran ) 
Thereaft r, extra aqueous solution was removed so that a lay r of th aqueous solution was formed nth support 
Furthermor .anisooctan solution containing trim sic acid chlorid (0.1wt%) and isophthalic acid chloride (0.1 5wt%) 
was then applied onto this layer. The porous support was then held in an oven at 120»C for 3 minutes so that a thin 
polymer membrane (polyamide skin layer) was formed on the porous support. Thus, a composite reverse osmosis 
membrane was obtained. In this composite reverse osmosis membrane, the average thickness of the porous support 
and the average thickness of the polyamide skin layer were the same as those of the composite membrane of Example 
1 . In the meantime, free chlorine was dissolved in a concentration of 20mg/l in pure water to give afree chlorine aqueous 
solution. This solution was passed through the composite reverse osmosis membrane at an operational pressure of 
1 .5MPa for 30 minutes. 

[0044] When this composite reverse osmosis membrane was analyzed by ESCA for the constituent elements there 
was no bromine detected and the ratio (Br/N) was 0. When the composite reverse osmosis membrane was evaluated 
at 25°C, pH 6.5, and an operational pressure of 1 .5MPa, using a 0.3wt% IPA aqueous solution as the feed solution 
the IPA rejection was 98% and the flux was O.Gn^/m^ay. 

Examples 2, 3 and 4 

[0045] Composite reverse osmosis membranes were produced in the same manner as in Example 1 , except that 
the pH of the free chlorine aqueous solution containing bromine compound was varied. The composite reverse osmosis 
membranes were analyzed for the IPA rejection and the ratio (Br/N) in the same manner as in Example 1 Table 1 
shows the results. 

Table 1 



Example 


PH 


IPA rejection (%) 


Flux (m 3 /m 2 »day) 


Br/N ratio 


2 


6.8 


98.9 


0.4 


0.21 


3 


7.4 


98.6 


0.5 


0.17 


4 


10.0 


98.7 


0.5 


0.11 



Example 5 



[0046] A composite membrane was formed in the same manner as in Example 1 , and was processed into a spiral 
module (a diameter of 201 mm and a length of 1 01 6mm). An aqueous solution with a pH of 6.0 containing free chlorine 
(20mg/l) and sodium bromide (20mg/l) was passed through the spiral module at an operational pressure of 1 5MPa 
for 30 minutes so that a spiral module of the intended composite reverse osmosis membrane was obtained When the 
performance of this spiral module was evaluated at 25*C, pH 6.5, a flux of 0.6rrrV m 2*day and a recovery of 1 2%, using 
a 3.5wt% salt water containing 5ppm of boron as the feed solution, the operational pressure was 6 6MPa the salt 
rejection was 99.7% and the boron rejection was 92% (the concentration of boron in the permeate water was 0 4mg/ 
I). When this spiral module was dismantled and the composite reverse osmosis membrane was analyzed by ESCA for 
the constituent elements, the ratio (Br/N) was 0.24. 

Comparative Example 2 

[0047] The composite reverse osmosis membrane obtained in Comparative Example 1 was processed into a spiral 
module (a diameter of 201 mm and a length of 1 01 6mm). A free chlorine aqueous solution (20mg/l, pH7) was passed 
through the spiral module at an operational pressure of 1 .5MPa for 30 minutes. When the performance of this spiral 
module was evaluated at 25°C, pH 6.5, a flux of 0.6m3/m^ay and a recovery of 12%, using a 3.5wt% salt water 
containing 5ppm of boron as the feed solution, the operational pressure was 5.5MPa and the salt rejection was 99 7% 
and the boron rejection was 84% (the concentration of boron in the permeate water was 0.9mg/i). 



55 Example 6 



[0048] Six spiral modul s of Example 5 w re connected in s ries. Th performance of this s ries of spiral modules 
was evaluated at a flux of O.Sm^/rr^day and a recovery of 40%, using seawater (total dissolved solids (TDS) in the 
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sawater of 3.7%, a concentration f boron of 4.7mg/l, a pH of 6.3 and a temp rature of 19«C) as th feed solution 

^^L^ matth °P 8rattona| Pn»"' was7.1MPaandth TDS rejection was 99.9% and th boron rejection 
was 94 /o (th concentration of boron in th permeat water was 0.3mg/I). 

Comparative Exampl 3 

[0049] Six spiral modules of Comparative Example 2 were connected in series. The performance of this series of 
spiral modules was evaluated under the same conditions as in Example 6. The results were that the operational pres- 
sure was 6.2MPa and the TDS rejection was 99.8% and the boron rejection was 88% (the concentration of boron in 
the permeate water was 0.7mg/l). 

Examples 7 and 8 

[0050] Composite reverse osmosis membranes were produced in the same manner as in Example 1 except that 
the concentration of the bromine compound contained in the free chlorine aqueous solution containing bromine com- 
pound was vaned. The composite reverse osmosis membranes were analyzed for the ratio (Br/N) and the performance 
in the same manner as in Example 1 . Table 2 shows the results. 



Table 2 



Example 


PH 


Amount of 
added NaBr 
(mg/l) 


Br concen 
tration (mg/l) 


I PA rejectio n 
(%) 


Flux (nr^/m^a 

y) 


Reduction in the 
amount of 
permeate water 
in relation to the 
membrane of 
Comparative Ex. 
1 (%) 


7 


5.0 


5 


3.9 


98.9 


0.4 


30 


8 


5.0 


20 


16 


99.2 


0.3 


50 



[0051] As seen in the above results, the composite reverse osmosis membrane of the present invention has a very 
high reject.on of nonelectrolyte organic compounds such as IPA or general pH range nondissociative substances such 

as Doron. 



Claims 
1 



A composite reverse osmosis membrane comprising a porous support and a polyamide skin layerformed on the 
porous support, 

wherein the polyamide skin layer is formed by reacting an aromatic compound having at least two reactive 
amino groups with a polyf unctional acid halide compound having at least two reactive acid halide groups and 
the polyamide skin layer contains bromine. ' 

The composite reverse osmosis membrane according to claim 1 , wherein the aromatic compound portion of the 
polyamide skin layer has bromine. 

The composite reverse osmosis membrane according to claim 1 or 2, wherein a ratio (Br/N) of the number of 
bromine atoms (Br) to nitrogen atoms (N) of the amino groups is not less than 0.1 and not more than 1 .0. 

The composite reverse osmosis membrane according to any one of claims 1 to 3, wherein an isopropyl alcohol 
rejection at a temperature of 25 <>C, a pH of 6.5, and an operational pressure of 1 .5MPa is at least 98.5% when 
a 0.3wt% isopropyl alcohol aqueous solution is used as a feed solution. 

5. The composite reverse osmosis membrane according t any one of claims 1 to 4, wherein a salt rejection at a 
temp rature of 25 -C, a pH of 6.5, and a flux of 0.6m3/rr.2niay is at least 99%. when a 3.5wt% salt water containing 
5ppm of boron is us d as a fe d solution, and a boron rejection is at least 85% under thos conditions 



2. 



3. 



4. 
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7. 



A method for producing a composit r v rs osmosis membrane comprising forming a polyamide skin layer on a 
porous support by reacting an aromatic compound having at least two reactive amino groups with a polyfunctional 
acid hahde compound having at least two reactive acid halide groups, and treating the polyamide skin layer with 
atreechlonn aqueous solution containing bromin compound. 

TTie method for producing a composit r vers osmosis membran according to claim 6. wherein a concentration 
of free chlonne in the free chlorine aqueous solution is 1 to 100mg/l and/or a pH of the free chlorine aqueous 
solution is in a range from 4 to 6.8. 

8. The method for producing a composite reverse osmosis membrane according to claim 6 or 7, wherein a concen- 
tration of bromine in the free chlorine aqueous solution is 0.5 to IOOmg/1. 

9. The method forproducing a composite reverse osmosis membrane according to any one of claims 6 to 8 wherein 
the treatment is performed under pressure. 

10. The method for producing a composite reverse osmosis membrane according to any one of claims 6 to 9, wherein 
a flux of the composite reverse osmosis membrane is reduced by the treatment by at least 10% of a flux before 
the treatment. 
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